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Abstract 
Assimilation of global aerosol is a new technique to circumvent certain limitations in our knowledge of the 
aerosol system.  By assimilating observations of aerosol in a global transport model, uncertainties in e.g. aerosol 
emissions may be reduced. Due to rapid economic growth, the Asian region has become an important source 
region for aerosols, and the interest in its effects on human health and the Earth’s climate are only increasing. 
SKYNET provides observational coverage of this important region and we will show several examples of the use 
of SKYNET data in aerosol assimilation.  
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1. Introduction 
To understand the climatological impact of aerosols or to 
forecast air-quality, it is indisputably necessary to resort to 
models to obtain a spatially and temporally consistent 
picture of the aerosol system. Observations will always be 
limited in their coverage. Unfortunately, global and regional 
aerosol modeling is hampered by poorly known emission 
scenarios of both man-made and natural aerosols.. The 
emission of sea-salt and mineral dust is usually described 
through parametrisations (in mainly 10m windspeed, e.g. 
[1]), based on limited observational campaigns or 
incomplete models. More-over, there is a scale problem for 
in particular global models that have to assume constant 
emissions over several 100’s of kilometers. The emission of 
man-made aerosol is usually based on conversions of 
governmental statistics of energy use by various industries, 
e.g. [2]. In addition to the obvious limitation of questionable 
representativeness, these emission scenarios are often 
monthly if not yearly averages only.  
Assimilation [3] is a common denominator for a variety 
of techniques to combine aerosol simulations and 
observations in a more reliable and comprehensive dataset. 
During assimilation, a variety of observations are used to 
improve the model state of an aerosol transport model. A 
new, flexible and physically consistent assimilation scheme 
is the so-called ensemble Kalman filter [4] that uses an 
ensemble of model simulations to represent model 
prediction uncertainty which may then be compared to 
observational errors. In this paper, we apply this ensemble 
Kalman filter to the global aerosol transport model 
SPRINTARS [5,6]. 
SKYNET (http://atmos.cr.chiba-u.ac.jp/) is a network of 
photometers dedicated to aerosol observations in Asia. The 
network provides AOT (aerosol optical thickness), AE 
(Angstrom exponent) and SSA (single scattering albedo) for 
clear sky observations, every 15 minutes.  
In this paper, we show several examples of the use of 
SKYNET observations for aerosol assimilation. We start by 
discussing the validation of assimilated AOT and AE, and 
continue with an example where SKYNET data themselves 
are assimilated. Finally, we discuss the possibility of 
assimilating SKYNET SSA.  
 
2. The Local Ensemble Kalman filter 
If we define the state x  of our model as a vector with 
the mixing ratios of simulated aerosols all over the globe, 
we can define a model prediction error as 
P  x  x T x  x  , 
where     denotes an ensemble average. The members 
of the ensemble use perturbed emission scenarios that 
represent our uncertainty in source strengths. The 
covariant matrix P  then represents the uncertainty in 
mixing ratios at a certain moment, with of course 
associated uncertainties in e.g. AOT and AE. Now if we 
have a set of observations y , with an error covariant  
R, defined similarly to , and simulated observations 
 
P
     , we may combine our model and observational 
information into an optimal new state that is, broadly 
speaking, a average between the original state and the 
observations, each weighted by their relative errors 
(covariants). The original state is usually called the 
background, apriori or forecast state  and the new 
state is usually called the analysis state , and they are 
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connected through the well-known Kalman filter equation 
xa  x f  PaHTR1 y Hx 
Pa  I P f HTR1H 1P f  
We use a 24-member ensemble for perturbed emissions 
of fine (sulfate & carbon) and coarse (seasalt and dust) 
aerosol. The average emission in the ensemble is different 
from the standard emission, so that the assimilation has a 
substantially different AOT and AE  than the standard 
simulation, when cloudiness or such temporarily prevents 
observations. 
 
3. Validation of assimilation products 
In [7], we assimilated AERONET observations of 
AOT and AE for the month July 2005. Part of the 
validation was done by SKYNET observations at 
Cape-Hedo and Toyama. Since AERONET had only a 
few sites in Asia in 2005, we cannot expect assimilation 
results to be very robust. In Fig. 1, we show AOT from a 
standard SPRINTARS simulation, observations by 
SKYNET and simulated results after assimilation of 
AERONET.  
 
Figure 1: Aerosol as observed and simulated at Cape-Hedo. 
 
This comprises an independent validation of the 
assimilation. Immediately, it is obvious that for the first 
two weeks both the standard simulation and the 
assimilation results are quite poor, but they are 
significantly better during the last week (remember that 
the assimilation uses different average emissions than the 
standard simulation, so the AERONET observations 
obviously have a positive effect). The main difference 
between these two periods is the dominant wind direction. 
During the first two weeks it is mainly South-Easterly, 
but later it changes to North-Westerly. That implies that 
during the last week, aerosols from the Asian mainland 
dominated while earlier marine aerosol dominated. Or 
did they? The SKYNET observations, combined with 
surface observations by EANET [8], strongly suggest that 
Cape-Hedo had a lot of sulfate aerosol during this period. 
As it turns out, the Mt. Anathahan volcano emitted large 
amounts of SO2 during this period, as can be clearly seen 
in OMI imagery (a timeseries of observations is found at 
http://so2.umbc.edu/omi/movies/wpac_omso2_1jan-30sep05.
mov). So we conclude that the AERONET assimilation 
yields good results at Cape-Hedo, except in the unusual 
case of the erupting volcano which is at the moment not 
accounted for in our perturbed emission scenarios.  
 
4. Assimilation of SKYNET data 
In another experiment, we assimilated SKYNET AOT 
and AE, in addition to AERONET and CHSNET AOT 
and AE as well as MODIS Aqua AOT over ocean for 
March 2005. The combination of these three surface 
networks provides very good coverage of the Asian 
region (with the exception of India), although the number 
of AERONET sites is rather limited and CSHNET (a 
network of handheld photometers in China) is less 
accurate than AERONET and SKYNET. In all, 
SKYNET is an important contribution to any experiment 
that focuses on the Asian region. 
In Fig. 2, we show consistency of the assimilation for 
SKYNET. That is: after assimilation ,AOT, monthly 
biases should be much reduced. For AERONET,  with 
globally 216 sites , this is clearly the case. For SKYNET, 
the low number of regional sites (10) muddles the picture.  
However, when the standard bias is large, the assimilation 
can strongly improve the simulation. This suggests both 
that transport by SPRINTARS is sufficiently appropriate 
and that the assimilation of SKYNET data has an impact. 
Systematic errors in both AOT and AE (not shown) are 
reduced. 
 
Figure 2: Monthly biases for standard simulation and 
assimilation for the AERONET and SKYNET sites. 
 
At the moment, there are two different applications of 
the resulting assimilated aerosol fields. First, such fields 
can be used to initialize cloud-resolving models that study 
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6. Assimilation of SSA the interrelation of aerosols and meteorological 
conditions in cloud formation. Fig. 3 shows an example 
of the simulated water cloud distribution over Asia using 
assimilated aerosol fields in the Japan Meteorological 
Agency Non-Hydrostatic Model (JMA-NHM) with 
spectral bin cloud microphysics. 
In principle, there is no problem in assimilating SSA as 
an independent piece of information. Assimilating SSA is 
actually very interesting, as it will allow the distinction of 
carbon and sulfate aerosol. More-over, SSA is an 
important parameter in the calculation of direct aerosol 
radiative forcing. Yet, there are a few issues that make 
assimilation of SSA more daunting than the assimilation 
of AOT or AE. The first is the poorly constrained 
(imaginary) refractive index of carbon aerosols (this 
issues includes the difficult question of their mixing state). 
According to [9], carbon absorptive characteristics vary 
over a large range. But to simulate observations from the 
model ensemble, it is necessary to choose a characteristic 
value. Secondly, correct assimilation requires a realistic 
estimate of the error in observed SSA. After all, it is the 
weighting between observational error and model 
prediction error that determines how much the 
assimilation system will modify the state because of a 
certain observation. 
 
Figure 3: Distribution of water cloud optical thickness in a 
cloud model with bin-resolved cloud microphysics. Finally, there is the issue of source location. Our 
assimilation system in effect assumes source locations 
and then adjusts source strengths based on observations. 
However, forest fires are spatially and temporally highly 
variable. Correct assimilation of SSA, with the purpose of 
improving carbon simulation, would benefit greatly from 
improved emission source locations based on fire maps 
(e.g. from MODIS).  
 
These cloud simulations may subsequently be compared to 
MODIS observations for verification (ongoing work). 
Second, the assimilated aerosol fields can be used to 
study vertical profiles of aerosols. In Fig. 4, we show 4 
examples of averaged (March-May 2005) attenuated 
backscatter profiles in Asia. As is clear from Fig. 2 (left 
panel), the original simulation already provided AOT and 
AE quite close to the SKYNET observations. Yet the 
LIDAR observations by ADnet are clearly different. This 
suggests a problem with the extinction-to-backscatter 
ratio, or in other words, the aerosol scattering properties 
(ongoing work).  
 
7. Summary 
We have discussed current and future use of SKYNET 
observations for an aerosol assimilation system. Since 
SKYNET fills a geographic data gap of surface based 
aerosol observations in an important natural and 
man-made aerosol source region (Asia), its importance 
can not be overstated. On the contrary, it would be 
beneficial if the network is expanded, in particular into 
India. Finally, for optimal assimilation it is desirable that 
more efforts at observational error characterization are 
made, either through comparison with co-located 
AERONET sites or through radiative transfer 
simulations. 
 
 
Acknowledgements 
Part of this research was supported by funds from 
MOE/GOSAT, MOE/GER fund B- 083, JST/CREST, 
JAXA/EarthCARE, MEXT/VL for climate diagnostics, and 
MEXT/Innovative Program of Climate Change Projection 
Figure 4: LIDAR profiles over Asia; observed (blue),  
standard simulation (red) or assimilation (orange). 
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